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SUMMARY

It has been found that the properties of
dependent to a large extent on the conditions

and A. E. White

heat+resisting alloys are
of fabrication. Because

the lsrge size of certain gas-turbine rotors has intrmiuced fabrication
procedures for which information is not available, a resetich program
was begun at the University of Michigan to ascertain the properties of
the better alloys in the form of large forgings.

On the basis of prior investigations of bsr stock and a cheese
forging, lHDL alloy was thought to have suitable properties for the
discs for the rotors of gas turbines for jet engines. Arm@ements were

. made to have a series of suchdiscs forged by The Canton Drop Forgi&
snd ~ufacturing Company. Two of these discs, differhg in that one
was hot-cold+mrked at 1650° F and the other at 1250° F, were cut up for

. experimental purposes. One-quarter of each disc was supplied to the
University of Michigan for investigation for the NACA. The principal
objects of this investigation were to determine the level of properties
developed in lsrge contour forgings of 19+DL alloy, to evaluate-the-
effect of the temperature of hotiold+ork in these large forgiqjs, and
to show the degree to which the properties of %ar stock could be repro-
duced in large forgings.

Analysis of data indicated that when processed under similar condi–
tions the properties of 19+DL bsr stock sre reproduced quite well in
the large forgings. Therelative properties of the discs of 19+DL and
discs of other alloys depended on the heat treatment smd hot-cold+ork ‘“
during forging aq wQl as on chemical composition.

,

INTRODUCTION

,
Alloy 19+DL is one of the lower alloyed materials which has been

developed for higl+temperature service. Properties obtained from bar
. stock snd a large cheese forging have indicated that the alloy was

suitable for rotors for the gas turbines of jet engines for aircrtit.
(See reference 1.) For this reason large contour rotor forgings for a

.
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Jet engine were manufactured for experimental purposes at The C~ton
Drop Forging and lknufacturing Company.

.

Rrior experience with the alloy, md with other similar alloys, had
shown that its properties depend to a large extent on the processing con-
ditions and heaktreating history during fabrication, Fm this reason
one forging was prepared with hot-cold+nxrk at 1250° N and another with
ho_&cold+mrk at 16500 F. Sections of discs with both types of fabrica–
tion were submitted for study at the University of’Michigan for the NACA.
The principal objects of this investigation were to determine the level
of properties developed in large contour forgings of lg--gDLalloy, to
evaluate the effect of the temperature of hotiold=work in these lwge
forgings, and to show the degree to which the properties of bar stock
could be reproduced in large forgings,

The investigation was limited to room temperature and 1200° F.
These sre the two temperatmes at which properties of nmterials have
been considered indicative of the performances of’rotor disce in current--
jet engine~, Satisfactory roo-temperature propertied are needed to
withstand the high stresses existing at low temperatures near the hub.
Good properties at 1200° F are believed to be a neoessary requirement
of material nesr the rim of the discs.

The discs were forged by The Csmton Drop Forging and Mmufacturing
Company. The U. S. Air Forces, Air Materiel Ccmmmnd at Wright Field, in
cooperation with the Universal-Cyclops Steel Corporation and the Ceneral
Electric Company, arranged to furnish the test discs.

These laxge contour discs of lg-gDL alloy are part of a series of
discs of various alloys which are being studied. The results obtained
from investigations on large discs of 19+DL, CSA, low-csrbon N-155, and
Timken alloys are given in references 1 to 5.

This work was conducted at the University of Michigan under the
sponsorship and with the financial assistance of the National Advisory
Comittee for Aeronautics.

DESCRIPTION OF DISCS

Inf’o-tion concerning the two discs of 1$7+DL alloy is summarized
as follows:

Steel prcducer:

The Universal-Cyclops Steel Corporation, Bri.dgeville,
Pennsylvania
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Disc manufacturer:

The Csnton Drop Forging and Mmufacturing Company, Canton,
Ohio

Chemical compoaitton:

Both discs were Produced.from heat E-u728. ‘Thechemical
composition was reported to be the fo13.uwingpercentages by
the Uhiversal.4!yclopsSteel Corporation:

Q2&2 ~ QEMQMQ ~

0.29 1.X2 0.69 0.018 0.010 19.23 9.03 1.27 1.Z 0,38 O.~
●

Fabrication procedure:

The following information, concerned with fabrication o? the
two discs, was supplied by the manufacturers. Both discs were
fabricated the same way with the exceptfon of the temperature of
hotiold+mrking given in item (9) in the following:

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

24,000-pound basic electrio-src heat

1+-by 1+-&oh, 260cLP0uIId ingot with flat sides

8&by 8&inch, 35&pound slugs were used for the indi–

vidual discs

2100° F for ‘~
5

hours; 18 blows with 25,00wpound hammer;

bottle-die working; air+ooled

2100° F for 14 hours; 9 blows with 35,00&pound hsmmer;
first blocker; air-oooled

210Q0 F for ~ hours; 14 blows with 35,000-pound hammer;

second blocker; air-oooled

Flash machined off and spot ground after bottle-die and
second-block operations

Solution treatment: 2150° F for 2 hours; quenched in warm
water
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(9) Hot-cold+ork:

Disc EXC44: 1250° F for 8 hours; 14 blows with 35,00&pound
hammer

Disc EXC46: 1700° F for 3 hours; dropped to 16500 F for
3/4 hour; 22 blows with 35,000-pound hemmer

(10) Stress-relief anneal: 1200° F for 10 hours; air-cooled

The shape of the contour forgings is shown in figures 1 and 2. The
discs were approximately 20 inches in diameter and weighed approxiutel.y
325 pOUIldS. The size of the quarter sections tested at the University _
of Michigan is shown in figure 3.

.

EXPERIMENTAL PROCEDURE

.

The forgings were made at The Canton Drop Forging and Manufacturing
Company under carefully controlled and recorded prml.uctionconditions.
Two of the discs prepsred, EXC44 and EXC46, were cut-in half. The Canton
Drop Forging end I&nufacturing Cmqmny conducted physical tests on the
center of each disc. Appr~imately one-half of each disc was sent to
the General Electric Compamy where similar tests were conducted. Approxi- ,
mately one-quarter of each disc was supplied to the University of Michigan
for the NACA program. The other quarters were sent to the Universal-
Cyclops Steel Corporation. Data repo~ted hy other laboratories have been
included in this report. (See figs. 1 and 2 and table I.)

.

The following testing program for the one-quarter sections furnished.
the University of-Michig= w~-decided upon: -

(1) Tensile tests at room temperature amd 1200° F

(2) Rupture tests at 1200° F

(3) &eep tests of 1000-haur durational 1200°F under stresses
20,000, 25,000, and 30,000 psi

(4) Hardness, tensile, and rupture tests to show the uniformity
the disc material

(5) Stability tests on the specimens after testing

of .-

Of

The ma~or emphasis was placed on the properties of radial specimens
from near the rims of the discs because the rim is heated to the highest
temperatures during service. Data for stress and time for total deforma–
tion were obtained from ‘theelongation curves from the rupture and creep
tests. Stability characteristics were estimated by hardness, tensile,

,
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and impact tests and by metallographic examination on the specimens after
creep -rupture testing.

The test specimens were obtained from coupons cut from the discs
according to the diagram of figure 3. This drawing shows the-location
of the specimens ad an identifying code. W the cde the letters W, X,
Y, and Z refer to the locations of the coupons with respect to the faces
of the discs. Tensile end creep tests were conducted on standard
0.50>inc&diameter specimens. Tensile tests from the center portion of
the discs were on 0.25&inch-d@meter specimens because the shape of the
disc section supplied for testing limited the amount of material available
in this location. The specimens for rupture tests were of 0.160-inch
diameter smd were obtained from locations in the large coupons as indi–
cated by the dashed lines in the drawing of figure 3. .-——— —.- ,

RESULTS

Hsxdness Surveys

The disc which had been hot-cold-worked at 1250° F, EXC44, was
higher in herdness than disc =c46, which had been hot+cold=worked at
16500 F. (See figs. 4 smd 5 and table II.) Disc ~C%4 had a Rrinel.1
hardness range of 212 to 287, although most of the hsrdness values were “ ‘“
from 230 to 260. me principal Brineu hardness range for disc IKKC46
was 205 tO 220, b general the hardness of the discs was higher nesr
the center than nesr the rim. They also were kder near the two flat
surfaces
were not

The
rized in

The

than in the interior. These herdness differences, however,
so pronounced in HC46 as in IHIC44.

Shor&Time Tensile I&operties

tensile properties at room temperature and 1200° F exe summa–
table II.

tensile and yield strengths of the disc hot-cold-worked at
1250° F were higher at both rocm-te?nperatureand 1200° F“than those of
disc hot-cold-worked at 1650° F. The 0.02-percent+ffset yield strength
for =C4k averaged approximately 70,500 psi while the corresponding
strength for EXC46 was 39,OOO Esi. At 1200° F the 0.2-percent-.offset
yield strength was approxbtely 66,000 psi for
for HC46.

The ductility of disc EXC44 was lower than
temperature the elongations of radial.specimens
and HC46 were approximate= 26 and 34 percent,
1200° F the elongations were 13 and 2g percent,

mc44.siid 43,000 psi

that of ~c46. At room
from the rims of m@4
respectively, and at
respectively. The disc
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hot-cold-wwked at 1650° F dld not show the -ked drop in ductility

exhibited by the disc worked at 1250° 1?when tested at 1200° F.

The properties of specimens from various locations in the discs
were quite uniform. The only indication of a marked difference between
locations was the lower ductility of center specimens and of tangential
specimens from the surface near the rim of the disc worked at 1250° F.

Rupt&e Test Characteristics

The rupture test data obtained at 1200° F are given in table III.
These data are plotted on double-logarithmic coordinates to give the
curves of stress against rupture time in figure 6. The rupture strengths
for definite tirespericiis,indicated by figure 6, sre included in table 111
together wfth the estimated ductilities to fracture. The rupture strengths
of disc lKXCk4,which had been hot-cold-worked at 1250° F, were 47,000
and 38,5oo psi for rupture in 100 and 1000 hours. C@responding strengths
for disc EXC46, which had been hot-cold+worked at 1650° F, were 36,5oo
- 32,000 psi. The ductility to rupture of disc EXC44 was very low,
teing only 1 to 3 percent for fracture in time perimls of 100 to
1000 hours. The comparative ductility of IIKC46ranged from about 20 to
14 percent.

Rupture specimens from various locations in the discs were tested
for uniformity at stresses which were eq.%cted to cause fracture in
approximately 100 hours. The radial specimens from the center of the
discs near the rim all ruptured in shorter time periods than the speci–
mens from the four other locations listed in table III. The longest
life was obtained from tsmgential specimens taken nesr the surface and
rim. These tangential specimens lasted 534 and 463 hours for discs EXC44
and EXC46, respectively, as compared with a 10Ghour life for center-
plane radial specimens neer the rim. Rupture test ductilities of the
specimens frcm the four locations were as good as or better than the
ductilities on cente~plane radial specimens with the exception of the
center-pi-e temgential specimen of disc JKKC46which had very low
ductlllty.

Time-Deformation Characteristics

Curves of stress against the logarithm of the time required for
total deformations of 0.2, 0.5, and 1 percent at 1200° F for the two
discs are shown in figures 7 emd 8. Curves for rupture time and for the
transition to third-stage creep have been added In order to describe
completely the defer-tion chmacteristics of the two discs. The data
for these figures, summarized in table IV, were tsken from the time
elongation curves obtained during the creep and rupture tests.

The stresses used in the creep tests were too high to
cient data for a curve for O.1—percent total deformation.

pruvide suffi-
Table IV

.

.

.
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includes the data for 2- end 5-percent total deformation for disc EXC46.
These higher deformation vshes were not obtained for disc lEK!44because
the total deformations of the specimens were less than 2 percent.

In general the disc hot-cold-worked at 1250° F required a higher
stress for a given deformation and time period than the disc worked at
1650° F. The difference between the two discs decreased with time, and
there was less difference the tier the total deformation. The stresses
to cause various total defcmmations in 1, 10, 100, 1000, and 2000 hours,
as defined by the curves of figures 7 and 8Y are summerized and compaxed
in table V.

Creep Strengths

Data taken frcnnthe tim=longation curres for creep tests including
total deformation in 100, 500, and 1000 hours and creep rates at 500 end
1000 hours ere shown in table VI. The creep rates at 1000 hours were the
minimnm rates obtained from the tests with the exception of the test at
30,000 psi on disc FGIC46,which entered thtid-stage creep before 1000 hours
had elapsed. Minimum creep rates from both the creep end rupture tests
are plotted against stress on dou~l-log=itbmic coordinates in figure 9.
The creep strengths obtained from the curves of figure 9 are as follows:

Stress (psi) for creep rates of -
Disc I

0.0001 percent/hr 0.00001 percent/hr
1 1 I

EXC44
EKC46

34,500
27,000

16,000
al~,000 I

aEstimated.

The creep strengths also show that the superiority of the disc cold-
worked at 1250° F decreases with time end with the rate of deformation.

lhtrapolation of the transition curves of figures 7 and 8 indicates
that increasing creep rates are to he expected on both disc materials at
about 2000 or 3000 hours under stresses corresponding to the creep
strengths for a rate of 0.0001 percent per hour. This mesms that it
would not be safe to use these creep strengths as a basis for design for
longer time periods than 2000 w 3000 hours. The creep strengths for a
rate of 0.00001 percent per hour, however, probably canbe used safely
for zmch longer time periods.



Very little change

NACA TN No. 1532

Stabillty characteristics

in tensile, impact, and hardness properties at
room temperature occurred as a result of creep testing at 1200° F as is
shown by the test data in table VII. The original materials were quite
responsive to a magnet but responded very little after creep testing at
12~0 F.

Photomicrographs of the original material and ccthpleted-creep-and
rupture-test specimens are shown in figures 10 to 13. The grain size of i
both discs was 5 to 6, and there was no ap~eciable difference between
the centers and rims. Some of the specimens examined, however, had
somewhat larger grain sizes. There were numerous grains which appeared
to have a eutectic type of structure. In bw stock these are usually

broken up into stringers of excess constituents. h the disc cold–
worked at 16500 F, EXC46, these grains of excess constitue-ntswere much
larger in the center than at the rim.

Soiw precipitation of fine particles occurred.in the structure of
both discs during creep and rupture testing at 1200° F. More of this
precipitation seemed to appeer in the rupture s~ec+ns than in the
creep specimens. There was remarkably little difference in structme
between the specimens f?mm the two discs in spite of the difference in
strength and wide difference in ductilfty. The grains in rupture speci-
mens from disc EXC46 were, of course, elongated in accordance with the
high ductility of this disc, while those from disc EXC44 showed no
distortion in accordance with the low elongation to fracture.

.

On the %asis of physical properties after testing the indications
of structural instability were slight. It is posstble that the low
ductility of disc lEH%4 in the rupture test--s due to a structural
change during testing. The grains of excess constituents were probably
ferrite with precipitated carbides. The disappearance of magnetism
after testing at 1200° F suggests that the fei’rtte--%-transformed to
sigma phase without–an appreciable effect on properties.

.v

.

Data from Tests in Other Laboratories

Sections from both discs were examined for room-temperature hardness
smd tensile properties by The ,CantonDrop Forging and Manufacturing
Company and by the General Electric Company. The data reported are
summarized in table I and figures 1 and 2. in general these results
agreed very well with those given in this report. They have an tided
advantage in that specimens from very near the center could be tested to *-

show ductility.

The tests by these two campanles shaw that there are soft spots s

near the stub shaft and near the pilot hub. In disc EXC44 where most of
the Brinell herdness values ranged from250 to 270 the hsrdnes8 at the
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soft spots fell to
hardness values as
from207 to 229.

The ductility

9. .-..— ..-

about 210 and 2000 h disc EXC!-46the soft spots had
low as 179, while other puts of the disc rsnged

of the tensile specimens from the center of the discs
was,much lower than the radial specimens near the rim. Ih EXCkk, the
disc which was hotiold+orked at 1250° F, specimens taken in the
vicinity of the soft spots had elongations as low as 3.5 percent as
compsred with 20 to 30 percent in other locations in the disc. soft-
spot specimens in disc EXC46, which was hot-cold+orked at 1650° F, had
as low as 5.>percent elongation as compared with 33 to 38 percent in
other locations.

at 12500

DISCUSSION

that the disc
strength than

OF RESUUTS

=(244, which was ho~old+orked
the disc =c46, which was hot-cold–

the data show
F, had higher

worked at 1650° F. The higher rupture stren@h of fiC44 was accoqanied
by low ductility in the rupture test. These findings are in general
agreement with the results to be expected for the two processing pro-
cedures. Hot-cold=work at temperatures as high as 1650° F does not
prcthzcenesrl.yso high physical properties at room temperature or 1200° F
as does ho+cold+ork at temperatures below 1500° F. Hot-cold+ork at
these lower temperatures after a solutio%treatment is accconpanied%Y
low ductility in the rupture test.

Quite good tiftity of properties was shownby the hsminess and
tensile data, except for the regions of lQW hsrdness, strength, and.
ductility in the center of the discs. ‘I’hisis a trouble inherent to
portions of the forging where the metal Is not properly worked during
the upsetting operation necesssry in the manufacture of such discs. The
contour-forging ~ocess apwoaches the maximum possible uniformity of
working of the metal, but it is very difficult to develop a suitable
procedure that will properly forge certain sreas in the centers of the
discs.

The rupture strengths appear to be a minimum for specimens taken
radially from the center of the discs near the rim. The rupture and
creep strengths reported are based on such specimens smd sre therefore
probably conservative.

Rupture specimens frum the soft spots in the center of the disc
could not be obtained from the qusrter section supplied. It is possible
that these would have had inferiar rupture strength. This is not critical
in engines which operate with a cool center.

Extrapolation of the curves of stress agaimst rupture time, time for
total deformation, smd creep rate suggests that the properties of the
disc which was hot-cold-worked at 16500 F would be equal to those of the
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disc which was hot-cold-worked at 1250° F at time periods of about
10,000 hours. The difference in.slope of these curves is probably the
result of the difference in structural stability of the mterials. The
particular structure developed by hot+cold-work at 1250° F is, presumably,
less stable than that developed by working at 16500 F.

Properties developed in 19+DL discs by forging alone are dependent
on the heat treatments during heating for forging, the rate of reduction
during cooling, and the finishing temperature. h the se-forged condl–
tion, therefore, a wide range in properties is theaetically possible.
A large cheese farging of lg-gDL previously investigated had ~opertles
quite similar to the contour disc worked at 16500 F. (See table VIII.)
The contour disc worked at 1250° F had much higher properties, except
for low rupture test ductility. A lower finishing temperature or a dif-
ferent rate of reduction with temperature could have changed the can+
parison, as is indicated by the lmr-stock data in table IX.

High ductility in the rupture test seems to be characteristic of
the as-forged condition. Apparently the working of the metal at the
higher temperatures prcduces the structure necessary for god elongation
at prolonged.fracture time periods. Judging from the b~tock data, a
properly controlled forging operation alone could produce a %etter com-
bination of strength and rupture test ductility than the usual separate
hot-cold+orlsing operation.

Data are not available for discs solution-treated and free from
cold+nxrk. The bar-stock data in table IX su~est that such discs would
have high strength for low rates of deformation and long time periods
at 1200° l!”.Tensile strengths would be low. The ductility in the
rupture test would he fairly god.

The information available concerning the contour forgings reported
herein does not permit an estimationof the degree of reduction during
ho&cold-working, In $eneral, huwever, the data indicate that the
properties of bar stock ae reprmluced fairly well in large forgings
when the proce=s~ prmedures.and heat treatments are similar. The
strength of the discs at high temperatures tends to be somewhat lower,
probably because it is not possible exactly to duplicate conditions of
bez stock in large forgings. ksofar as is yet lamwn, the hotiold-
working and heat treatment have such pronounced effect on properties by
developing a size and dispersion of precipitated particles favorable to
higbAemperature strength. Strain hardening from hot-cold+work is
probably an added important influence.

The data for large forgings of other alloys included in table IX
from references 2, 3, and 4 show that any comparisons between discs made
from different alloys must consider the processing procedure used in
their manufacture as well as the chemical composition. The 1W3DL disc
hot-cold+orked at 1250° F
rupture strengths them the

had lower tensile ~roperties but h~~er
contour discs of Timken alloy. Mth

.

—

<

.
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19+DL “discswere superior to a disc of hobforged CSA alloy but were
inferior to a disc of 1ow-carboriN-155 ald.oy. The comparisons would
probably changq for sny of the alloys if the discs were produced under
different conditions.

Tn appraising the data presented in this report, consideration
should be given to two factors. The degree of reproducibility of the
properties quoted will depend on the control exercised in production.
Both higher and lower properties are possible if the processing condi-
tions are allowed to vary. h addition, alJ the comparisons and analyses
have been based on properties at r- temperature and 12000 F. The
effect of processing conditions on properties chsnges with temperature,
and in particular hot-cold-worked materials rapidly lose their superi—
ority as the service temperature Is increased above 1200° F even for
time periods less than 1000 hours.

CONCLUSIONS

I&cm a study of the properties at room temperature @ 1200° F of
two large contour-forged discs of 19+DL alloy the followi~ conclusions
were made:

1. A solution treatment followed by hot-cold=work at 1250° F prc+
●

duced a higher level of Poperties in a large contour rotor forging than
when the hotiold+work was done at 1650° F except for lower ductility.

.
2. Extrapolation of the data predicts that for time pericds longer

than approximately 10,000 hours the disc which was ho+cold-worked at
16500 F would have properties equal to those of the disc which was ho+”
cold-worked at 1250° F.

3. Consider’lngtheir size, the contowfaged discs had excellent
uniformity. The discs did, however, have soft spots at the center with
relatively low hardness, roo-temperature strength, and ductility c-
acteristic of this type of forging. The rupture snd creep data reported
sre probably conservative because they were obtained from radial speci—
mens at the rim which appsrentl.yhave the lowest strength in the discs.

4. The properties of large discs we quite similar to bar stock
when %oth are hea~treated and hot-cold+worked in a similar manner.

5. Discs nade from various alloys camnot be compered on the basis
of composition alone. Relative properties vary, depending on the pro-
duction procedure.

.

University of ltichigsn
Ann Arbor, Mich., lkrch 10, 1947

.-
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TEE CARTOE nRoP FommG m

IMo Emu
(Soluticm-ta%ated;ho&oold+orked at 3S!50°F)

8e@tt011.d.&illOllh8r&i9BB

Prlnolpd range 255-+85

MexhlUDl?WLing 302

S&t spotat oenternear stub e~t 217-22g

Soft spot at oenternear pilothub ~1’

Roca+m~rature teneileproperties

Tensile YLeld
Elongation

RWothn
Speoimenlooatfon

‘ET 1%?
(percent) of exea

(percent)

Ceniml, horizontal,
near E&Ml Shaft 100,000 8g,500 4 8.5

Central,horizontal =7,m 96,500 9.5 14.2

Central,hcdzontal,
near pilothub 1o1,500 72,500 19.5 26.2

Dim EW.k6
(SolutiozMmatad; hokold-uw?kad at 16xP F)

SeotionalRrinellhardness

Elnoipal range 207-229

Mexhmmreading 235

Soft spot at centernear stub Aeft 192-197

Soft repotat oenterneax gild hub 17+187

Rocm+temperatwretendle popertlea

Teneile Yield
Elongation

Reduction
Speohen looatkm .

%&’ %3
(peraent) of area

(peroent)

Cenizrel,horizontal,
near stub she&b 85,0Ca 60,000 12.5 18.5

Central,horizontal 97,600 G,m 14.5 20.4

Central,hcmizcmtel,
near pilothull 83,0CX3 59,000 8.5 lk.g

———
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SpecWn
spec~n

Stress
Rupture Elongation Reduction

Disc number locatlon
(a)

(psi) :% til in. of mea
(percent ) (percent)

EKC44 ly Cm

2;$:
3.s 2.3

(Hot-cola- I.Y CRR 1% 2 2.3
worked at 3Y 40,0cm -{64 2 3.0
woo F) m 37,500 1025

;:
1 2.5

m 36,0c0- 1%4 1 5.1

4Z SRR 47,OcKl 517 5 2.3
9Y cm? 47,000 405 3 2.6
9X STIR k7,000 534 2
8Y-C 47,coo

5.0
CRc =5 3 3.7

13m46 3Y m 40,000
(Hokold- 3Y

3J-.5 25 57.8
CRR 37,500 48 17 48.0 -

worked at Cm 36,500 69 23
16500F)

51.0
;: 35,~ %1 19 40.8
4Y CRR 34,m

ORE &
72 20 4g.6

lY 32,500 0 14 43.7

8Z m 36,500 322 23 43.2
9Y m 36,5co 185 2
9x STR 36,5CQ 463 20 4:::
8’Y=2 CRC 36,5oo 276 19 47.4

u
Rupture strength

S_peXmen Stress (psi) fcm rupture in –
DiBc looation

(a) 10 br 100 hr 1000hr 2Cm br

lEm44 m ~%,o
cm E

47,000 38,500
EXC46 ~41,0

35,500
36,500 32,000 b31,Oca

Rupture ductility

Specim3n
Estimated elcmgatlon (percent) to

Disc looat ion
rupture in —

(a) 10 hr 100 hr 1000km 200CJ&

EC44 ORR 4 3 1 1
EXC46 m 25 20 14.

L

TAELE III

RUEKIXE TEST ~CS AT 1200° F OF CON’TCWRDTECS W 19+DL JZGOY

.-

—% cente~plene radial spec~n neer rim of disc. -%,&C&/

. SRI? surfacf+plsne radial specimen neer rlm of disc.

C’111cente~pl.ene tangential specimen neer rim of disc. ““
STR surface-plene tmgential specimen neer rim of disc.

. CRC cente~plane radial spec~n neer center of disc. ..—
bObtainel by extrapoktion.
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CRREl?lE13TlM!CAAT12~°F~C_ DISOSOFl~DL ALLOY

?

100 hr

1 defcumtion

rcent) at -

Oreep rate

(pem+hr) at -

Creep teat

Oalmtiom Ihitlal

deformtlon

(peroent)
Mac

Stra3a

(psi)

20,000

Zy5,000

30,0Ca

20,000

25,0c0

30,000

Duratlcm

(br)
1000 hr 1000 b?500 hr 503 h

Em4.4
(Hot-oow
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12YP F)
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10C6

S124
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(Hot-cold-
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00M?* FRommma 0FTTIKS2~DISCS@19+~~
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..

!&pe f.ging
Z!c-inch-dklra ter
cheeue fm-ging

(a)
ctnltlmrdiflo Exc44 f.kmtcmrtiim Exck6

IUC429 Iseat number m17’28

chemical mmpositkm,peroent :

c
Ml
61
Cr
Xl
MO
w
Ob
‘??1

Fabrioe.tim

0.29 0.33
1.14
0.65
I.9.1O I1.I.2

0.69
19.23
9.03

;:3
0.38
0.43

9.05
1.35
1.14
0.35
0.16

bt-fargei; 2150° F
!br, wat-sz-quemhed
.ot-mld-worked

mt-rmgd3 21500F,
2 br, ?mteI-quenched
hot+d.d+mrke~
at 1650° Fj
12W0 F, air-oooled.

EOt-fqpd to wo” ?J
L@ T, aiz-ccg.led.

t 1250° FJ
2C@ F, Cdm-Oooled.

%02-m%6-253Erinel.1her.beaa %?0-223

Rocm-temperaturetensile properties:
Tensile strength,psi
O._oenbaiYset @el.d strength,psi
O.&psroenWfset field strength,pal
o.!+pero~ aet yield atmsngth,psi
Kbgation, pant b 2 in.
Reduction of -, pemc.ent

Tensile pmpertie.qat 1.2fXPF:
Tensile strength,psi
O.>paroebffaet yield stiength,psi
EwnIgaticQ,peraent in 2 in.
Reduotion d area, percent

%m, 700
%9,275
b50,mo
%,m

~30.2
%.7

.

75,300
65,650

13.
26.2

57,875
37,9~

3b.o
b7.5

Ruptureohezaotoristioeat 1200° F:
lC&hr ruw,ure strength,psi
10&hr rupture elmgat i.m, percent in 1“in.
1002-br mpture strength,pei
100C-br rupture elmgat im, permnt in 1 in

l?~efnrrcation strengthsat 120@ F, ~i:
0.1 pement in 10 In.
0.1 peroent in 1CK3In.
0.1pmmnt in1000br

0.2 pement h 10 In.
0.2 p9r0ent in lCO hr
0.2 peroent h 1000 hr

O.qpa’raentin10br
0.5peroent in l@3 br
0.5peroent in Xx30 br

1 percent in 10 b
1 ~cent in 100 br
1 ~ent h 103O br

mensition in 100 hr
Trensiticnlin Uxm br .

47,y

38,w
1

s,%
32,CC8J

ho,Ooo

9,$

16,000
14,CXX3
12,0w

..----
-.------.---

------ ------
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28,400
23,W
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ZL,fmo

24,O&3
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38,71x
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31,200
29,8430
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26,(XJO

a,m
34,600
32,13c0
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3$),030
33,000

hap atrengthe at 3.2000F, psi:

k0.CK031 ~ed
O.mol.~ent
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34,500

015,m
Eq,ooo

%ata&cm reference 1.
bherage mluee fcr radiel Bpciua-.
‘Eettited.
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0.505-in. bars pulled at room temperature

O .0002-percent=
offset yield Tensile Elongation Reduction

Bar ‘t;g:y (percent) ~::p=’~~
‘EEyti

1 118,500
;?;%;

28 48.58
119,000

:

27 ~.$
72,000 119,000 20.s

121,500 27.5 ?
;$~~

7:44

2
96,000

2
11.89

103,500 1 :: 24.76

z z
3:500 122,000 1;.5 13.38

104,000
9 6?:;%

12.26
104,000 cw~,

73 00 ● 116,500
;: ‘3

25
116,000 $!!;

12 %: 6~~
27.s

117,500
13

27.5
&
9.12

76,500 121,500
T-1

8’ ::”5

.32
76,500 12 ~o
73,500 11 ,000

;:;
%%

72,000 118,000 30.5 41.57
0.2~0-in.bars pulledat room temperature

14 58,212
15

g2;ti0 5**’ 10.81
100,000

16
13

%:z: 81,600
18.97

7 18.16
*a=--,.--------- -.. ,.- -m-uice near measureo Oeczlon.

Figure l.- Data from GeneralElectricC”ompanyondi.scEXC44 of 19-9DL alloy.
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0207 IJ7420m

* “ 15 m
I97 la7 1s7

16

289 287 1?9s 282 2% 2?2

2?7 287 287e 287 2°s 287 10 2% 272

207 207 z 217 2~7 2J7 %9 ~ 2&7 2J7 2J2 II 2g7 207

3
8

12

2&7 4 2~3 297 [3 2J7 2~7

.

0.505-in. bars pulled at room temperature

O .0002-percent-
offset ylel~ Tensile’ Elon@tio~ R:~:;:

Bar q;~y (percent)
‘&fm (percent)

48,000 loo,ooo 35 4 j;
: 4 ,750 100,500 $

4 250
z “

33
100,500

47,625
36 .32

104,500 3:.5 5CJ.2J
5

ZZ;R z
7 ,500
7 ,000

i Z“;%

12:26
103,500 22:; 25.7
89,000 11 13.7z

1:
&T& 83,000 12. . 16.66

101,000
J
3 .5 43.38

11 45:000 101,500 43.38
12 1o1,ooo

E; ?;;
36 43.97

13 104,000 38 50.29
0.’25O-in.bars pulled at room temperature

14 ;?,g;
15

gs~:: :~ 13.06
16.73

16 39:81.2 89~800 18 19.59
Y—

—

‘mroke Outside measured seotion.

Figure2.- DatafromGeneral ElectricCompany ondiscEXC4f3 of 19-913Lal10y,
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Figure 3.- Diagram showing location of test coupons in quarter
sections .ofcontour discs EXC44. and EXC46 of 19-9DL alloy,



Figure4.- Hardness survey on a half section of contour disc EXC44 of 19-9DL SUW, Brinell hardness;

disc section8.
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I%yre 5.- Hardness survey on a half section of contour disc EXC46 or 19-9DL alloy. Brlnell hardness;

disc section 8.
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6 8100
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Rupture the, km

7’0@o
80,000

60Jmo
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33,000

2QJ)O0
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Rupture time,hr

Figure 6.- Curves of stress against rupture time at 12300forcontourdiscsof
19-9DL alloy.
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Time, hr

r● Rupture testdata
o creep testdata
H Extrapolatedfrom

creep data

-Tran6itiom Start Of

-- third-stagecreep

‘1$>1
1% elongation

\\
Y.

Q ~ -

J.

81” +4

Fimre 7.- Curves of stress amdnst &m for total deformation at 12@ F for contour disc EXC44 of 19-91X
-alloy. (Treatment Forgd-; solution-heated;hot-cold-workedat 125@ F; stress-relieved.)
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(+ mesas test enteredthird-sbge-ueep.)
10,OOO I I

.00001 ,0CO05 .Ooo1 .0005 .001

Creep rate,percent/hr v “m

Figure9,- Curves ofstressagainstcreeprateat1200°F forcontourdiscsof19-9DL alloy.Alldataat
stressesabove 33,000psifrom rupturetests.
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.

.

100X
(a) Radial section near rim of. disc in Y-plane.

looox

.-

100X 100ox g
(b) Radial section near center of disc in Y-plane.

Figure 10.- Original microstructure of contour disc EXC44 of
19-9DL alloy.
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loox 100ox
(a) Creep specimen 1Z; 1129 hours under W ,000 psi.

.—

Fracture - 100X Interior - 100oxe
(b) Rupture specimen 4Y; 1864 hours for rupture under 36,000 psi. .._

Figure 11. - Microstructure of completed 1200° F creep- and
rupture-test specimens from contour disc EXC44 of 19-9DL
alloy.
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r

---=- A ‘---

- .....S.-.._ .’i!.. .--—. .—.

100X 100ox
(a) Radial section near Am of disc in Y-plane.

100X .

,..

. .
-.

100ox =%=
(b) Radial section near center of disc in Y-plane.

Figure 12.- Original microstructure of contour uisc EXC46 of
19-9DL alloy.
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—

(a) Creep ~s%men 12; 1124 hours under ~ ,%o”~si.

Fracture - 100X Interior - 100ox=q@7
(b) Rupture specimen lY; 820 hours for rupture under 32,~0 psi.

—

Figure 13. - Microstructure of completed 1200° F creep- and

rupture-test specimens from contour disc EXC46 of 19-9DL
alloy.
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